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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide thermosettable resin compositions which form a flame 
retardant network by setting. 

SOLUTION: Thermosettable compositions comprise (a) one or more of thermosettable resins 
selected from the group consisting of epoxy, N,N'- bismaleimide, and cyanate ester monomers 
and prepolymers, (b) one or more of curatives, hardeners, and optionally catalysts, and (c) an 
effective amount of at lest one non-functional cyclophosphazene flame retardant containing 
aryloxy group substitution to render said resin composition, when cured. 
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(57) 

*^BJii, (a):^*^ N,N'-W? 

ttWfli. Qy)mm.{m.mmm<omnm.(D i -^w±©wb 

S!| (cu rati ve) , @-f bSU (Hardener) fc <£ ^g-T ft it MM . 
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[lt*3Bl ] (a)i^K N,N'-t77l/^F, 

(b)^»btt«JJJtffl© 1 oJK±©WffcJMCcurative)» H 
ffc&l (Hardener), fcJ;c>*gTrfttfMI£©W$!«, fccttf 

[0 0 0 1 ] 

B'i tt * MAN btt©JJ§»»K H "T £ . 
[0 00 2] 

[0003] ^-j&gfflg kmm l r * n jcitMtt* # w 
•s ^ < ©tm*t»K s tit i > s . »ji tmmm* aww 

©»JfiJt*^Rgtt-r* t) , IgfiifcBMMT'C* 

^©A^^-^-^w-r^tfcttft^. mi*, wjig 

©PffllSYb*«ac-riij|^iJtt#S(cil* 0 < <ct>. 

[ o o o 4 ] # < ©e£*©jm m*.i*mn&£#L m 

(OH) 2 ). TA-5~^AH7fcfD!$KATH), fcj:^ V (P 

j^WiL-Tffi^S. L#>L. *©J:5ife5KW«*!SSiJ«> 

^r##-r-2>©^. U*U:J3feSIS 2 5~4om*%* 

FJ^tfeRSfi (moisture uptake), fl[]Xl4(ducrn 

itv)te«fc^flf5fiS«:^»4#A5. Hie, ttflrtftt 
W©f«K{btt^)Ji<b©#ffl?itt«»DXtt, 
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[0005] *fa©ife^catti is? y >» 

>£*©ffi©«fJJifC#ffc3tf<l: i 5 if 

t? * 4 *« * fc bhwjb*© a ^tt^twt* *rr -5^ n a D 

[0 00 6] te^^fcW^4J)PX*J: WI0IS«©W 

jnxstis. ®s&it^f44^-r-5©{c»j(iK 

^f(c, +^*v^n{b-^*5#tt*iJ;D : ^tt©k Fa 

frPl^asff ^ tl SJr^tC^o-Clr^-So 3^^-^7(Yoshio 
30 ka)©3?H#l¥^l,487,632#B, MtCCne>©.*,=&ffiiiE 

^IJ©^^^, V— -tr;l/--r f (Marcel Dekkcr) ©^^ 

> r*^f i>-*-7-*)\>JJyfcX-fc ; 7X->r~z. VV- (H 

andbook of Organophosphorus Chemistry) > Enqel . 
R., Sll4^, (1992^) I 3. if')— > (Green) ©S?-t> 
-t;l"t^'7T-{t--t-fI>^ (Journal of Fire 
Science) , ^10#, ^47lH, (1992^) ; fcj;c>"7 
(Fritz) ^©T>^V-?> h--7i>U^V^rzuz>- 
40 ••5 r 5 — (Angewandt Makromolekuiar Chemie), ^198 

5aS(i992^) ; tcw^3nrt^„ 
[0 00 7] ^X*^(-'J;H/dm7 7 H2> 

[0 00 8] L^L— tec, f(6ift*X77^>Oi 
Hi^oSIAicJ: , *©^flt^e?:l»* 

«fcs^b=&s»^-r^fc©i-r-5„ -€-©f6©^&^ 
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[0 0 0 9] ilSSWi LTO^WiBaaBft^^n*^ ? 

%>o *B#ft^4,496 1 685-^CC^, T^^T-^T^T 

KB. fl&(D*WS, m«i«tt*fraicT*C4fc<x 
mm^ h y ? y v-, ISMSttte Jr^WJRt*©^* 

> y • — ^ — ^ (Cheni cal and Engi neeri nq News) 66^ 81 
H©1968^4^ 220 (DffeSCCC 3 JVC I > S „ 

[ooio]*fc, 2«a±©»«wij*#— ^cca^-a- 

lMx>*-T> F^>^T'J>^ (Encyclopedia of 
Polymer Science and Engineering), Ml 182H(1 

WRfe 6 fflff 3 ft 4 « <!: B I > K £ D S . ft 

ilt, y ^(Kuryla), A. J. (Papa)© 7 U — 

a- y ^-^»-t^jjs'y^ y ? ^-7f V7^X(F 

lame Retardancy of PolymericMaterials), H4^ 10 
9H(1978^)CC|B7n3nri^)c *&H»WK:B, 2i 

<D»tt 4 ^©IB^JBft^fcftfi 3 ftfctttt* 

To 

[ooi n WAK, v>fsmrnmoi. -fe^p-x* 

^3ns 0 «»tt*fflat-sy>*ctc«jiw*iH^# 
mmoiwmx l « u a 3 
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225 f 643-^(CH^3n, y >©H*UOBB»*tC cfc t) 
fbbfc2,4,6-r yT5 ^-1,3,5- h y T^XDSSaStt* 

ifai^ffc^x:? >4dcfcc^i,3,5-h yr^>«z)?S5cD^ 

t)igU*&^6^4?i<yv-*S, *S»*r» 5 ,158,999 

[0012] S^tt<D«^j: bCCilMSiJ^^-r €> jt 
10 ^^W5&ffl<Dii^^ 

sci^ ±gBWfc3^6w*ia*. last, 

[0013] 

feet c«in*»»S3£ttfc <fc #a»a«M*RFtt*iw* u a 

5«jbE»k: Wb 0»4««{btt«flBfij^*««r *. 

20 mim, mm. tezzm-rtititnm. te<fc^a»© 

(a) 1 «KJi©«k«ffce«lf . Cb)*©«WffcttttJ!|(DSE 

oSS^bffJ, H^bffl, teJ:c>^-rti«M«, *5<£c^(c)® 
fbBStc^©»)!iffl^*B^iT4(D(c*^scD, r 
y wb* *^£fi»*W^S4>& < 4 1 i©#fffiS 

[0 0 14] ±iB©JSE»Ca), (b)*5i: 

30 tf(c)*fli«U *©ffl^*«fbLT|»J||Stt 

[0015] *rami*rfflti6n* rit^jj ^.t^ 
iiittt^i,ci^t 0 mmmii. 12*5 <t 1^21^ u 

KB. J»flMS^B«FSffliTCOB*, *fcB^<o» 

-Y > 9 s * # X (Oxygen Index), AS1M 0-635(7^)^?^ V 
U.L.94T-* Kjests)^ # y V-CD«S»tt€rfFflfi*T^ 

tttewe, «*tfl»tt*, mmm^ mm 

50 14, «a«4ft:ti»3ifttK:HiB»*^jfrcc, mimm 
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[ooi6]im 

*» W©»i8f»©JSS^ £ b r^ffl 5 tiff 5 bftif J)§ 
XfW y -v-*i J: Dt^'b U «fcCJf-e*i 6 ©a^ 

[0017] 1 . X.#*is 
[{fcl 3 



CH 2 

[0018] *mi<Dmmitffl8mmmwfcmm%:*# 

*^»DW#, tr*X hV — 7>F-7^>>n^-(Che 
mistry and Technoliqy), r^^^^ • U^>X(Epoxy R 
esins)_L y ii — (Marcel Dekker), |g2 

Jig, '^jz.- 3-^ (New York) (1988^4 ^3*5^^*84$ 
1^4,882, 370^tCH|^3 fvCl>£ 0 X#*M»Jffifli<D 

[0019] 2. N,N'-b.XviW ^ F 
Ht2J 
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f@«T^^*-r€>2*(Dflgj^, mats, 3f#jK*fcw: 

1+03, 562, 223#, 1^3,627,780^, 1^4,468,497^, lU 
4 , 946 , 908^\ IrI 4 , 100 , 140^fc <fc £>*PI 3,839,3 58^C 

[0020] 3. ->r*- Fx^f;b 



20 ^BJ<Dffl^tCffll^tl#-5^r*- fX^fW^ 
N-CO-R-OC-N 

>iz>, j-y%U>> r>F^^>, 7xt>M/>f 

^ft40fi«T<D^*jlT-^$WT^2fflCD^# 

^r*~ r)im&^ is Mis m<o > ^^am-c^M 2 

[0 0 2 1 ] Wffl&^T*- Fx^^jWJH-teJr^Cti 

^4,608,43^C^3tirt^c llffl^t'X7L/^ 
F/W*- hxXf^OlS^^, *a#l^4,769,4 
40^-fc j: 0^4 , 820 , 797^-tC 5 tin ^ o 

[0 02 2] **Ktc^fflS:rtJflR©^r*- F^Xr;l/ 
: ^r? • ^V¥-CCiba-Ceiqy)^e>TfiI5CD^'T^ 
- F XX 7^;l/AroCv T w B10, AroCy T " LlOjoi t^RTX 7 u -36 
6; #^7 • ^5 ^KDow ChenricalDtt^^TljIR©^^^ 

hXX^XU71787 ; ^Ocfcc^S ^ t + -> • ^7 X • ^ 5 
(Mitsubishi Gas Chemical ^>r^SS©4,4 , -y U> 
i/r-y>t^?M ^ \ s ic£M%i&&-?2>\?zy * 

Mil; *JW6hi 0 
[0 02 3 ] ^CDffiCD^fllCDffl^li, m«txvp>r 

50 [0 0 2 4] ^WtBStt^ ^P^27j> 



(5) 
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[0 02 5] #WM<DZs?UfcX7T'&>tp1<C?f&rz> 
^gg|S&*50%feUL <t0»SU<«100%r*SC 

*Wil5K3*i»*. 
[0 02 6]^^O5f^7ri2>lt h 7^ 

[fb3] 



N 



N 



* fcia 



t r 

- — N = P R 

i r 

R R 



C5£*, R&*. R\ XR^^TOCH.Rf^^^ 

x ~ saws n 4 2 ffi<Dat*j&s-i- 

& 0 R f te, 2-20f@O^H^J:^5ffijyTOi- 



8 

. SKB, Rftt fgOCH 2 CF 3 S/dJOCH 2 CF 2 
fc, 3ffl«Te>RS#LhfER\ StcteXR 1 (X&mm 

io Stef*ra§©fcfWfB3ftfi-£„ — tf^vSfctt^ 

^p h y^xy r^>«n^io5 o c*wr?>o ry-;i/ 

**^K3&sy*fi[«r«ft3nri»*»^ fc *<D1»MH* 

20 y r -tf >»teJB*3 ftr r y -;^**s>jMScDffl^, 
#tf;U£ h yx(7xy^>)- h y x(m-b y7Woy 
^y ^ #p h y*X7yif>*iAt5. 

C ft »— jfi (C x ifcg^S (co-sus ti tuent) £ /c ttig^B 



N 3 P 3 (OC 6 H 5 ) 6 -xCOC 6 H 4 -CF 3 -m) x 
«>©Kjfttt*ftWT4CiK:J:DfIffl3h#4. W*. 

P*^77-fe'>S4W^cI^bt, f# 6 ft SUM 
40 <D80Xttte«fc^tB«tt*IH»T*Ci*^"C**c, * 

[0 0 2 8 ] ffliiCPfe^ 

50 &ort>J:K 4fc, ^cDe^^«@SS^af**S?itt- 



(6) 

9 

^mmimmmoy y yu if<om.m^^mx^i> a 
[0029] *mi<Dmmimffimmmmiz> y y yv 

& © tc^ffl S tiff & „ -e© j: 5 <c 7* :/ U i^cftffl 3 ft 
^ffi-©*£^3: fcW^f&'t; x.y. 7 4 ;U Afc J; -i )V 

[0030] &%m<DMjmau$. fc. s^baa^©^ 

B^br^?-*:^ I^b^£>$fcw#-tf>£$t?fts« 

##feW©«f£f«;i. ^tSfiJfc J; C^©<te©mfTOW£ffit> 

[0031] *mi<»wm.immfm*, mm. mit 
-mcmm<ommmm^m. muzy? * # y - 5 * 

[0 03 2] tit. #3IWC«\ ffe©#*DWII^J©^ 

mmic&m.-r2>* mammm^m^^, 1 ■^<mm l &. 40 

Sti^W4©^S ; S:fi?«L,f#.5Ci-C*€. < , cintc 

ceo. er^fcax wmmnwm^^m^n^. m 

SC BifMi . W5MT<7)\>$4 Y (Aral di t 

e™)PT 810teJ:D f T-5-'l'^'-l' h (Ara1dite T ")XU AY 238 
xj}<*S^S£^?k ffiigte?^- (Ciba-Geigy) 
*>6Tfj|S3nri^ 0 ^©{^©^Jg^tWiCC*, h y 

7^>^rtt£k h y * n o h y r i» ; h y - 50 
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[0 03 3] *lfel§©B8«)fcJ:^WM4*^T©3imW 

^w*4*5io'^n6©a«< *©flfe©^#*jj:c>f¥*fflt 
ism. *«Hj^^{c^-r^fc©ift?sn^-<*t?« 

[0 034] 
[JlSfeW] 

->^n^^7T-t2>©^ 

cti6H)teWcf3|g©->^n*:^7 7-y>^, ■fb^tS 
»*(c^©^;*©*ffi(cj;fpia»Lfc 0 — 

•fe^fe.tc^K^b* y >? a i© h ;Ui>d3-r*©JSlS(c j; 
9fEi¥;*:h,fc,, S«8o~iio o cr\ **^«^icj;^ 

[0 03 5] I^iM7'J-;l'tt'>i'?ti*X7rt* 

>*mm<Dfr&vmm:Ltc •, u*>l> 0fM©s«^©^ 

fb^*mj S n^c < & fc^Fic, ^-©JgJEKtt^T L/cist 
fc„ ^©raSSfl-^SriiaU ^b* y^A(KCl)^: 

^o-cfe, as. ffi^^j^^w^^fbufc. # 
inKj^^iiPffla^^j 1 b tc 0 ^-©* x ^ 7 -if > 

©#^ig«^bm 1 ~ 6 ic^ u /c 0 
[0 03 6] {b^j 1 : ^-S^attr y 

[fb4] 



(7) 
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N 



4 y 

' N 




*10 



ft* # 


R 2 


R 3 




la 


H 


H 


* 


lb 


F 


F 




lc 


H 


CI 




Id 


C 6 H 5 


H 


* I 


le 


H 


CF3 




If 


OCH 3 


H 





[0 03 7] {fc^2 : *WB»ttT^3*i^WS/* 

R 2 O n ^OR 3 

N OR 3 



[*2] 



R 2 Q 



Wife # 


R 2 


R 3 


2a 


C 2 H 5 


C 2 K 5 


2b 


C3H-J 


C3H7 


2c 


±so-C 3 H-> 


ISO-C3H7 


2d 


iso-C 3 H7 


C 6 H 5 


2e* 


CH2CF3 


C 6 H 5 



* 2ero*ifli N 1 P,(0C ( H t ) ! (0CH ! CF ! ) 1 Tft3. 

[0 03 8]jfcfS3 :Stttiltt^?n*X7r-fe* 40 [fb6] 
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n 

2 — < > — O v NHMe 



N N 
I I ^.NHMe 



R 3 



[«3] 



il# R ! R 



3a H H 
3b H CI 



[0 03 9] fb^5£4 0*X7rt' * 

H 2 N V y NH 3 20 
/ \ y 1 ' 



[0 04 0] 

[its] 



R 3 






[314] 



R 2 



4a 
4b 



H 

C B H 5 



* 



i§# R 2 R 



[315] 



5a NH 2 H 
5b NH 2 CI 
5c OH CI 



[0 04 1 ] <b^6 : 



[it9] 




[i6] 



4a 
4b 



OCH, 
C 6 H 5 



[0042] cne^cfc^wa^fc^oHtc-ecDffecD 

-T)l> >T % Vlf-Y Xfw — (Journal of Chemi 
cal Society), Chem Comm., ^C4#, 149H(1970^) ; 

? ^(Allcock), w.rM<D4 #~ ^ ^-^r 
40 5 X r "J — (Inorganic Chemistry), ^14^, 2433H(19 
75^) ; ^j:^^ — (3eneau)^CD7K:|l|^l £ Fll457680e# ; 

<£g>*i,i-^ * n n-3 , 5-t x (2 ,2 '-^-^^ t: y x ;!/)-> 
^UhV^^yy^y^:, ?t — )la v ^(Allcock), H. 
R.^CD-T >:t— v 9 -tr * 7, h 'J — anorganic Chem 
istry), ^5^, 1016H(1966^)K:|S^CD^ffiCC J; »3 |H 

3 P 3 (NH 2 ) 2 (OR) 4 *rJ-y>V-n>^>^^»i?, 0 
47^, 727H(199(#) I V x. A X & — (Feister)*5ctc>^ 
50 x-^-(Moe11ar)CD^i'-^;l-^y % ^ ? 



(9) 



15 

^- J*. — y T • ^ 5 X r y (Journal of Inorgarri c Nuc 
lear Chemistry), 029#, 273lK(1967¥)£fc&^- 
;l^P 9 ^ (AllcockK H.RMOltfrtfSJZ y a> ^X(Or 
ganometallics), ^21*. 323M(1S88^) ; SC^It^cD^ 

r'i^W^D^77^ N 3 P 3 (OC 6 H s ) 
x (OC & H<-Y) B _ x (iCT, Y=NH a *fc»OH. fcJ: 

ck):fc J: £>*^ i* > (Chang)© v £ P •=& U + ^ -;UX (Macro 
molecules), ^24^, 993H(1991^), fei^Uyr 
(Gl e r i a)^<D V ^ p ^ U + a — Jl> X (Mac romol ecul es), 
H2 5^ 2569M(1392^){C-etl-eni§^(D^ffi^C cfcOIH 

^u/c 0 t^^^p^x? 7 if> [np(OC 2 h 

5 )z] 3 : [NP(OC 3 H 7 ) 2 ] tStcte [NP(iso-OC 3 
H 7 ) 2 ] 3 £, V*—ffr'$"7->r * 

— (Journal of Chemical Society), H41#, 1735HO-9 
64^)tC^^CD^ * y->^>X(Fitzsimrnons)te Jtffls 
7 V (Shaw) <D-%mc <fc 0 ia« L fc . 
[0 043] 1 : ^^^W^P^-X 

h;Ux>700^ y y * ^-;t'429g(4.56 j e 
AO* *^b# y ^A270g(4.82^;b)fej:c>^ r ^ ^> 

&«*b <* Zff bvv y\Deen Stark 

trartZmZ-tcV ^X PteAft/c 0 ^Oim&ytZlMf&L 

xmwlo. r;i^>3oo^ y y ^ FAtfi'^+tr^ppsx 
^p h y ^^^r^>203g(o.58^e;i/, b;£S<d~^** 

>-V-#(Nippon Soda)^6Tf7flg)CD h^X>^®^rfti 

k i o i^s u &tti2i5n sat (»iio°c) l 

S^tfrl/fco ^<D 31 P hMRX^ r;b#S + 6.5ppmK:— 

cDJSJSS^%«iftL/r^t^y ^a^i, ^^r 

U yA *Sttift**JSRL*i. HCc$g££ 

T&CitCj:^ ffll«£98-103 o C 
X7 7"i2>(D*^355q (JR*85%) £f#/t 0 

(tt»t9 : 1 ) ©]*a*^6©SIS»ffc«:<fcf5«f 

W#. M^r-e<D^«:4 0 cri6B#pa^inb/co «S8 

^*fm^lD4^1X)6 0 C*W , r&S5«eCtan)OS 6 2 6 
07c (free flowing)|0* v C^>o/c e 
[004 5] *S*aao*J|J6«2 -9 *fl§l>T, 
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[0 04 6] ^3ftW#2 : Ji^^^WJg^CPiSiifeJ:^ 

AiftWL/cJKSR^n-^S^-r-STA 2940™ ^>x^ 
> h CInstrument)*fflC^rJR««^#f CTIWO^ J: 0 
0/c 0 50~2 50°C£ 5 Tl/#<DfflfiiIffi^ <D-;»in#fc 

CC ) o y 9 y <oma h tm L/ fc. 

[0 047] 1 -15*. ^(DitfiSSJ 

IB (3M?±^6Tf?M) *fitt75-i25 a crigfflrrsc;i 

m&ynzMfc&mbx , i77°cc4B#ras!fbo/c a 

S!*£^T©y^ h : (l)Li:S57mmr;l/5^^A^O ; (2) 
4"X4"X 0.125" (l02mmXi02mmX 3mm) CD^2*f^L/c 
^f^ Xl^/dS (3)8"X 4" X 0.125" ( 204mmX l02mmX 3 m 
m) <D^&iim{stcrtvXM;tif>bM9lLtto ^(DiJ^y 
xmt&mmm. m^U'yK^^ #;KRam Chemica 
l)tt^6rlJSSORAM TM 225 J E:— ;l/F-y y— X(Mold Relea 

[0 048] ^<D«fl|®m^^/c|»j^W«, « 1 CC^ 
L/c <£ 5 6l1iflR(DJSMffJ*$tpK3f4i4-i6K^«, 
SCl-6Cc^l/fc«JBfc:j:t)BJJ6^iL/c 0 §*J4l4$c 
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305.2 


9.90E-01 


5.27E-01 


201.1 


1.56E+03 


9.16E+04 I 


407.2 


1.17E+00 


4.96E-01 


219.1 


3.25E+03 


9.12E+-04 


509.2 


1.48E+00 


5.62E-01 


261.1 


1.49E+04 


9.12E4-04 


611.2 


2.23E-KX) 


5.47E-01 


282.1 


2.73E+04 


9.15E+04 


696.2 


3.56E-I-00 


6.68E-01 


300.1 


4.20E+04 


9.08E4-O4 


730.2 


^.61E-KX) 


7.32E-01 


399.1 


9.70E+04 


9.15E4-04 








450.1 


9.87E+04 


9.14E+04 








501.1 


9.90E+04 


9.16E4-04 








549.1 


9.92E+04 


9.21E4-04 








600.1 


9.90E+04 


9.25E+04 








651.1 


9.92E+04 


9.26E4-04 















[0077] mm 1 5 : mm 
ccom&mmx, ^ssjjum tsstt mum (% 

K£H : IB«BW*d#L/ScC^PR 500 ; 

: ^t7xy^>^n h 'J^7r^> (it 

3**U . «JSla) 15%*WT4PR 500 ; 

I^f44 : (2-^na7xy^^>i'a h r ;*x:? 
<fb**l % «JSic) i5%r^SL/cPR 500; 

jjpfl-13 : l f l-t°X(3-^ h+->^^^ + >')-3 J 5t: J X(2, 

6, «@6a, K**13) l5%rSttL/cPR 500; 
ftffi4l4 : h • -fe ^ ^ — X (Hoechst-Cel anese)^ h 

rtrjE©#y y>ir>^«?^ ^x^^ACHostafi* c*2 1 ] 

^ 1 4 











Tg(°C) 
(DSC) 


% 


ill* 

200 D C 
(%) 


IM9E 
260° 

C%) 


lift* 300' 
(%) 


1 








201 


1.59 


<.5 


1. 00 


2.10 


2* 


la 






153 


1.35 


<.5 


2.10 


4.50 


4+ 


lc 




m 


167 


1.31 


<.5 


1.10 


2.20 


13* 


6b 


Si? 


!* 


173 


1,25 


<.5 


1.10 




14 


Hoslaflam™ 
TPAP 750 




r 4st 


204 


>4.0 


<1 


1.20 


2.80 


15 


Kronitex™ 
3600 




* 


124 


1.44 


1.40 


4.5 


8 


16 


Br Epoxy 


&& 




207 


1.1 


0.50 


0.90 


40 



* am™)TRAP-750 T "l5%r^ttL/cPR 500; 

h^^fJk # n X 5 s - ^ # X CKroni tex T M )-3600£r 15% 

rStebfcpR 500; *?<tcjf 

[0078] ffi^KfcBBiyTWfctwsatuftat-r* c 

30 Jg«-T & IB* CC cfc 0 , ^BSJPXtt ^£l/c a TA 912™ 

Srffl I » 4 ^H^SSRMif- (DSQ «c <£ 0 , 50-2 50 6 C $ m 
[0 0 7 9 ] 



* 



37 

[0 08 0 ] Ztibkbmft&Zii&ZZSlz, UMi4. 

tam^sut. <K**i4> Kara 



[0 08 1 ] TW-7'J-WX7x-F, I#f4l5 * 

^ 1 5 



(20) «fBB¥8-2 2 5 7 1 4 

38 

Sc< ftSI5HCcfiT3'&4. JJDjfcr, «»15B, 260*5 

<fcof3oo°c^a o ©it £ & fgg^ett £ ^ u 

[0 0 8 2 ] *3R^bx*+^ % 300°CT\ ^ 

[0 08 3] MmMfttt*mmmrz\<ctm<D& *> \m 

[*2 2] 







1^ FA (sec) 


2" a FA (sec) 


3 IB FA (sec) 


1 




28 


N/A 


N/A 


2* 


la 


dni 


dni 


51 


4 + 


lc 


dni 


3 


N/A 


13* 


6a 


dni 


dni 


7180 


14 


Hostaflam™ 
TPAE "7 50 


dni 


4 


N/A 


15 


Kronitex™ 
3600 


dni 


8 


N/A 


16 


Br Epoxy 


dni 


dni 


60 



[0 08 4] fti5ft»6i>*&J: 5*c, **>fbSI»J, K 
[0 0 8 5 ] mmmi 6 : x^^MIMIMfcttWI§OB« 



^^2, }fi§2a) 15«r*ttl/fcPR 500; 

> (f&9*£2, «BB2a) i5%r^14L/cPR 500; fccfctf 

8 : -N+^c-Yy^nd^+^^^n h 



30 



r-tf>JK**, «FBHHB6i-i2085O^>2i#R5CBB^Stit:ii 
jfff42 : ?x ^+>-->^U h ij*^77*> (ft 

3*5$ 1, JfiSla) 15%r^ttL/fcPR 500; 

t$E46 : (x h+>o^u h^^7 7 ^> (ft* 

1 6 



» (fl*=*2, «fi§2c) 500 ; £K 

[0 08 6 ] -e<D^flg*j|JS^2 ©<fc ^tCiHSfU. 177 



40 



[0 08 7 ] 
[*2 3] 



K*4 


Tg <°C) (DSC) 




Hi* 

@220°C{%) 


tta* 

@260°C(9S) 


III* 

@3D0°C(%) 




154 


1.38 


<1 


2.4 


4.5 




200 


>4.5 


<1 


1.4 


6.3 




166 


>4.2 


L.l 


3.3 


7.3 




175 


>5.0 


1.5 


15.5 


10.4 
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[0 0 8 8] Ctib-f Tfr^^isftXyrV 

>*<tt»e, 7, 8) $mmimfflm<DMtmi£LT 

82°C*5 J: 0*100% rht 300 Ifflfir t> spftVcMSr £ ciB 

■tf > 3W* , IHRf btt WIRtmK: *«r * 5 its ft »n*# 

[0 08 9] gUftWl 7 : 7';-W^^P^7 

r g r >ffifc*rr & t g * g p * x 7 y ^>ioi 

©^^©^Sfc^BE-r S ft:«>, [N P (OC 6 H s ) 
«].Cib*atl. «®la), [NPCOC 2 H 5 ) 2 ] 3 ({b^ 
S2 V *»2a). [NP(O n C 3 H 7 ) 2 ] 3 Cfb^5£2, flt 
Jfi2b), [NP(0 1 C 3 H 7 ) 2 ] a tffc^£2, «3&2c)^J: 
c>*N 3 P 3 (OC 6 H 5 ) 2 (OC H 2 C F 3 ) 4 (ft^2 . flfjg2 
e)CD^CDM#4 (^J1.5q) £J?MCD#^ X^SC Aft, 0.25 
m\HqV30»mSmL tc a f(7)f4^Tt^l, 200 

B cc+/-5 o c)^8^Fra*-^>tcAtifco ccd^, -ecow 

0, ^-F^^+f^a h y*^77^> ( [NP 

(OC.HO.LCftfSK *Jila)> ^t>%P 3 (OC 
,H s )«(OCH l CF s ) 4 ({t^52 1 «*2e)t«PfflttS * 



(21) ^18^8-2 25 7 1 4 

40 

*x^t^> ( [NPcodH,),] 3 tfb^2, mm2 

aDfcJttf [NP(O n C 3 H 7 ) 2 ] ,tfb*«2, «®2b)) 
(species) * fc ttfl&OlEfii^JEKRl <fc ft oft: e HK, 

10 *>%MCLtc 0 

[0 0 9 0 ] Cti6B»*6, IWftittr^a+S'V 

L/T#fflr**«Bfffitt**Sftt»c i*Mffl*tt»6ti 
[0 0 9 1 ] HJfeffl 1 8 : TV ->ls**r*s*s#U&Zy 

ma j>^r ctca) £ mi > fc j»^ettg>pf % 

c<z>#tJr~CB, ^n^7 7*>au 2a, 2b, 2c*5 
J:»2e©*®IW*«l««^crooK: <fc 0 ^ffLfc 
20 ^<Df$*4£, ftWH-OMKHifeiia 20, 3a 60te<fctf 

^o^oiBHrac&r sihk , 2oo°cr 2 Bfn^o/c, 

[0 09 2] 
[*2 4] 



1 7 

;r ;u □ 4^ J: ^ T U - A * v £ □ * * :? t1?>(D 

200^ r- cd tgas mm £ ? - * 



bee Fig. 1-2) 


HS* @ 10 

ruin 


f fig ® 20 

rain 


tflfc @30 
min 


111* ©60 

min 


ffSS <3>120 
min 




0,2 


1.2 


i.4 


1.6 


1.8 


2a 


8.1 


81 


98 


99 


>99 


2b 


4.2 


23 


41 


81 


99 




16 


75 


98 


>99 


>99 


&2e* 


12.2 


45.3 


59.4 


80.1 


95.6 



[0 0 9 3 ] ttlhOlf-Zfrh, TJl/n + 
Xyy&ls (fl»jfi2eu 2b, 2c*5cfcc>'2e) B % Cft^CD^ 

BTCCD* ©IBIHW©«^*f <fc tf/* ft: RIB 

tctt#f rati c i *ssBft» en^o cnecD 

^^P*^77if>i^*t57;b3 + ^ 

[0094] saga i 9 ; mmtmm<pmnm 

J»WfH4Wfl!©J:b8S*^(relative permittivitv) (it 



(dielectric constant)) *J <£c>*8fliIEJg(dissipat 
40 ion factor) (if HIES ("loss tanqent)) &ASTMXL50 ^ 
^P^- £ — -XU>7 hn — -rX (Micrometer Electrode 

s)*ffli>r i KHzfej:^ i MHz©ja»»riBa3eofco r* 
iESoite ic b * -y ^ ^rffl c ^ ft t > * , mmm commit p 

-;b^>(rolled-on)*-r;U^rfflC>/c e ^-^B^ljStC 

[0 0 9 5 ] 
[*2 5] 



♦ 



(22) «FHJ¥8-2 2 5 7 1 4 

41 42 

m 1 8 



urn 


mm 






E5^^ 




4a M- ys? 




PH500 ! 


TJav T— 


1 KHz 


4.123 


0.002 


0.01 


4* 


PR500 


lc ] 


1 KHz 


3.934 


0.005 


0.019 


17 


[FEP-CAF 




1 KHz 


3.885 


0.0054 




18* 


FEP-CAF 


la 


I KHz 


3.71 


0.0061 




51' 


AroCy BIO 




1 KHz 


3.077 


0.0084 






AroCy BIO 


la 


1 KHz 


3.059 


0.0078 




1 


PR500 


mm 


1 MHz 


3.858 


D.028 


0.101 


4* 


PR500 


ic 


i MHz 


3.804 


0.021 


0.077 


17 


FEP-CAF 


mm 


1 MHz 


3.65 


X0272 




18* 


FEP-CAF 


i» 


1 MHz 


3.516 


0.0217 




5? " 


AroCy BIO 


mm 


1 MHz 


2.946 


0.0107 




fo* 1 


AroCy BIO 


la 


1MHz 


2.921 |0. 0094 





[0 09 6 ] Ctlh<Dr-2frt>, ItfffteKtt * P * 

[0097] mmm 2 0 wet zt v-jv 
i t*se 1 coif jgia&c^ Lfc * -r ^©^reiBWtr y 

^VV^a*X^T^>KSSS»J<Da»ACC < fcD, PR 500 
«HB©TgO20%fiT<b&ofc. »£ C<D 

CDe>^n*X7r*^> flBftsV C CD m <D T qfiT^ E$±*r 



PR 50QfcfflSlfe<DTg'\© 



2 0 * r l /t # ^ ?° o^tBStt ry-w*^>^o*X7 

* -Y y Q <DT y -;i/^*-> hrs/^ n 7 r >fflcDt,>*r 
n^cMiAfcJ^r, *^«{t^sti fcfltjsiafcctiyfie 

>S<ME£ factor, PR 500Wfl8OTg*«KF0f?-S„ 
Cfto&i, *19CC^3tl^:TqtC^B*^^o TgteSl 
Jf6^j2i|3lS(carJSL/c 0 «19rffll^c rfflgftj CDS 

r. 

[0 09 8] 
[312 6] 

1 9 



30 



§**4 


tt*flMft* 






T. (°C, TMA) 




1 




0 




196 


0.0 


2* 


la 


15 




153 


-21.9 


3* 


lb 


15 


* 


182 


-7.1 


p* 


2e 


15 


* 


191 


-2.6 


[12* 


6a 


15 




174 


-11.2 


13+ 


6b 


15 




173 


-11.7 


\JV*} l^le'" 


la/le 


15 


* 


173 


-11.7 



■**4** -ero^OPR 500tt*S'& (^J£fJ2 0P.5) Ki*fl,TK*Ufc«fc5<cW 

>**!H1a&J: tf1e©«a*»4»&l«y * FRffls** 0***1* * 0>R£ft©* 
M*<d1556T* o fcp 



[0099] zftt><D?-$frh. mimttcwftMism 



50 



(23) 



43 



«fH¥8-2 2 5 7 1 4 

44 

fflte , a 2 occMKWr^ Sftfc^-^ to <fc cmw bfll 

[0101] 
[*2 7] 

2 0 



2 J&5t« itS^Jiei^ 



53 



54 



JSla) 



EF0N™828X;J;^>' 

(Henkel Capcure™ ) 3-800 
**t7*>>*Sfr?P*X77-fe' ^(jg 1 , Iggrla) 



99 



99 



15 



83 
17 



83 
17 
15 



[0102] *<D3H**©SaWW^--^»* % 

©ftSttli^^ n ^ 7 r -^>*«5KEP0N T " 828X 



20 



30 



PICD 0 . 020" (0 . 50^m<DMU<D7te¥tiLmt S £ (✓ X flS 
l&Z^BS**^ 9 ^(D*^e>1.0"C2.5cm)^» , r^>O 



[0103] ^-^»^toJ:c^{fciWfi«i»*, f*» 
"C 1 : 11^1, 3M ^ CDuoPak™)^^^ 

OCltS^lBLfco ^ffi5.0' , LXl.0"WX0.125"(12.5cmX 

2 . 5cm X 0 . 31cm) *=firr S #S*SHiB^« ( tsS*4 5 3 to J: 

54) (D3~?<Dmmz<Dy'vv#*, m&mmffl%#vrx 



r3@tfi\ 

[0 10 4] 
«2 8] 



12 1 



53 gBtSA^T** 

53 ia?B^*f** 

53 ge^Atf-r** 

54* 5o#^aarS^c 

54* 5Q#*CgB?ftJC 

54* 5#tgB?^ 



60# 
90# 

flE 55# 

fg NA,j(R*S<0. 15" (0.32cm) 

iS NAVJMK 0.15" (0.32cm) 

{& mMM < 0 . 15" (0 . 32cm) 



na= f#f4^i . o-ffi« u fcorvF nj 

[0105] «2i^^L/c7K¥«^l*^fem^, ^rtTtt )H8tttft#f5Ci*Slfe. 
if*^^P*^^Ti2>3&i2^x^+i/fl|JgS«»Jfc 50 [0 106] yys^F+^^PbT^hyy 



45 

1 St<DRt> &CEFON TM 828X#* MKII 1 SB%ffll^« 
ap shear)*$cfc^*jatl^(Cffltifc 0 C ft 6> <D|2£-!f» 

riii/c) ^y*fe h>rMc^co.6o r, a.5cm)j?$, 

1 "X4 ,r (2.5Xio.2cm)T;U5^^A^#^-Jte> (T 
;bnr (Alcoa) 6111) ±iC^T£C£*C<fc9fE«L, 
/Co PfffcjggO . 010" (0 . 02 5cm) * 4 X hf - Xft 

£250° FC120°C)r3Qj>ra^^ h + ^T-L/Co 3 



rftiPIg, *©^#J»©»aJ?»BSi3*s AS™ D1002 
-72&CtE<oT\ -Y>X hU>(Instron)?ISSMi^iCj:^ 
FXh 6 - F0.5'7^(0.12 5cm/^)rS'J^L 



(24) ^13^8-2 2 5 7 1 4 

46 

[0108] K»55 (WKWScL) fc££>*56<D*faIS»T 

[0109] T4HMl^tf*8.0'TXl.0 , 'X0.042 , T(2 
0 . 3cm X 2 . 5cm X o . 11cm) T ^ ^ — ^ A-&# ( T Jl/ ^ T (Al 
coa)2008-T4) * F U * ^SflJ^TfKKU F V 

10 ^6 "(15.2cm)(D^-^>{C^l,/c 0 BfffcifiSO.O 

10"(0.25mm)*WT£#7;* fc*~X#^ 1 

ccsara t S C £ ic <fc 0 , s L 

fc 0 2toit9M^ F y ^ :/©j£*«WJ*l6^* V 



tc 0 

ft:. 
[0107] 
[«29] £ 



:2 2 



55 1996psi(13.8MPa) 
56* 2126psi(14.7MPa) 



3 
4 



gff»IJi^r250 o FC120°C)r3Qjjra^ h*aT- 
U fflR*T»M|J«, KJfcL/fc. g*BW«r, ASTMD18 
76-72CCS£^r, F P>(Instron)?IS6|j8»«JC <t 

^^P^^^ FXt"- FlO.O M /^(25.4cm/^)TifJ^O 

20 mifflm.<D¥&rc$>z>. 

[0110] 
[*3 0] 

^2 3 



55 



56* 



14aK> F/-Y>*iB 

(24.5N/cm) 
(84 . 5N/cm) 



[oiin ttttsraft* ffi#^j^t»j^JK*^^sirt 

fc. Etc, #^S^»ttSI^JcDx^*^v F y * zzft 

[0112] *»J# 2 2 : **teffi»«i«^ttfc* 



40 



[0 113] fflj£!»57B\ ->^P^X^T-i2>j 

MBit (EP0N™828) *$*Lfco ffl^®58 

3HfiJt«j57<hig«(D^*dWL, MtcHJSflai 7 r*t 

aSOT^^I/^V h(Ara1dite™)PT 810XsP+*^«JJ!|*jJS 
(T-fl/FU v^*^ 5^l/(Aldrich Chemical):^ rfJ 

^60*>J:c>'61^, AroCy^LlOt-'T*- F XX rVl^HK: 



j»-WtttX^^^fl|ffl^57, 58, 59, 60te<fctf61 



[0 1 14] 
[*3 1 ] 



47 



(25) 

1*2 4 



¥8-225714 



48 







57* 


58* 


58* 


60* 


61* j 


lEPON™ 828 X^^5> 


5D 


40 


50 


40 


40 | 


PT-810 xrf^>^flfi 


0 


10 


0 


0 


° 




0 


0 


10 


0 


0 


OTBAF j 


37.7 


44.0 


37.7 


30.1 


30. 1 ! 




16.0 


17. 1 


18. 9 


16.7 


16.7 




3.0 


3. 0 


0 


6 


0 




0 


0 


0 


0 


9.4 




0 


0 


0 


9.4 


0 



[0115] mmv*, a^L/fcM®*sattH0^^ 

P*X:7T-fef> (ffc¥Stl, «B6la) £$9*EPON TH 828 

[OTBAF(HJfiW|7tCfE«)*5j:^t^ 

[0116] mm™*. w&^^umnT^frVA 

KAral di te™ ) FT 810*«3»*CC|&^L, ^ft^EFON™ 

©fi&o^*s-rn«, sas ^<?>>^u* 

[0 117]i«59^ 0>fltt»-rf^3 WV^T 

[0118] «i6o^, ^^n^^^r^>©asftiffir 

fC v jStKAroCy™ LlOv-T*- h X^;U£Sfi-CEPON TM 



[0119] *BjS«J61*, (X)9Mtts7*~ hx^f;!/ 
10// m£ Lfc 0 

[0120] \t"ai2.5cmLX2.5cmWX0.31cmT^T€)g 
4 5 MX, 70°Cr3Qj>HlfiSJ$, 1 °C/^n80°C^T# 

[0121] ^X^;^t-O^AD^SDt 
Cc^: 0 ; E^Wtttc 2 Htf o /Co 

[0122] 
[JR3 2] 



49 



(26) 
12 5 



&m¥-8-2 2 5 7 1 4 
50 



St** 










% 1 @S(tiO 




Sf5 2l3SCI*> 




57* 


1 
3 




58* 


3 
1 




3 
6 




59* 


2 
2 




5 
5 




60* 


1 
1 




1 
3 




61* 


1 
4 




8 
3 





[0 1 2 3 ] ^25(D$g*J:0, e>^P7h^7rH2>: 
M^^^T Z> , T ^ # -f r CAral di te T M )PT8ia ^ ^ 5 

CC3^#$n/cS^^r, T5>>I/#>f h (Aral di te T H ) FT81 

tenters. 



[^ 1 ] h D y ^^(RheomGtrics)RCA-II T "^r 

A - »^J*^# L fc ^ PR SOODttSJ^F^ft 

20 S 

B •■• ^*rVV S Crisis 9X1 h y 7 ir>15%£ 



[01 ] 



1000000 " 

100000 - - 



r\ 10000 
€ 



<0 




MM 

0 


1000 


a 






100 


9 


10 




.1 



eoo 



(27) 



W-S- 2 2 5 7 1 4 



(51) Int. CI . 6 

C08L 101/00 
C 0 9 K 21/06 



E^7 

LSY 



F I 

C 0 8 L 101/00 
C 0 9 K 21/06 



LSY 



y # ^fts 5 5144- 1000$ *v*JH-te 

T ^ y ^7^*1155144- 1000 ^ * V ^w-fe 

> F • <j<-;k X 'J-XA • ( 



T-rf y #^*H 55144- 10005 *V ^ffl-fe 
> F • A\ X y -IA • i2>£- ( 

C72)*w# i/'j— vy — ■ 



